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(57) An inverted-F antenna is provided, which is 
capable of coping with the change of available fre- 
quency bands while keeping its compactness. This 
antenna is comprised of a radiating element for radiat- 
ing or receiving an RF signal, a ground conductor 
arranged to be opposite to the radiating element with a 
specific gap, a feeding terminal electrically connected to 
the radiating element, a first grounding terminal electri- 
cally connected to the radiating element, at least one 
impedance element provided in a line connecting the 
first grounding terminal to the ground conductor, and a 
first switch for selectively inserting the at least one 
impedance element into the line. A resonant frequency 
of the antenna is changed by operating the first switch. 
As the at least one impedance element, an inductance 
or capacitance element is used. Preferably, a second 
grounding terminal electrically connected to the radiat- 
ing element through a second switch is further provided. 
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Description 

[0001] The present invention relates to an inverted- 
F antenna and a radio communication system equipped 
with the antenna and more particularly, to an inverted-F 5 
antenna capable of operation in separate frequency 
bands or a wide frequency band formed by overlapping 
separate frequency bands, and a radio communication 
system necessitating the switching of its operating fre- 
quency band, such as a digital portable or mobile tele- w 
phone. 

[0002] In general, mobile radio communication sys- 
tems such as cellular phones exchange communica- 
tions or messages by using one of assigned frequency 
bands. 15 
[0003] In recent years, as the popularity of cellular 
phones has explosively grown, the exchange of commu- 
nications or messages has become difficult to be per- 
formed by using a single specified frequency band. To 
cope with this situation, cellular phones tend to be 20 
equipped with a function enabling the communica- 
tion/message exchange using separate frequency 
bands or a single wider frequency band. 
[0004] Conventionally, an inverted-F antenna has 
been widely used as a receiving antenna of a cellular 25 
phone, because it can be formed compact. However, an 
inverted-F antenna has a disadvantage that the opera- 
ble frequency band is comparatively narrow. Therefore, 
various techniques have been developed to make it 
possible for an inverted-F antenna to cover separate fre- 30 
quency bands or a wider frequency band. 
[0005] For example, the Japanese Non-Examined 
Patent Publication No. 10-65437 published in March 
1998 discloses an improvement of an inverted-F 
antenna, which was invented by the inventor of the 35 
present invention, T, Saito. This improved antenna is 
shown in Figs. 1 to 3. 

[0006] As shown in Fig. 1 , the prior-art inverted-F 
antenna 1 1 0 is comprised of a rectangular conductor 
plate 1 00 serving as a radiating element, a circuit board 40 
106 serving as a ground conductor, and a dielectric 
spacer 1 07 placed between the plate 1 00 and the board 
1 06. The spacer 1 07 serves to fix the distance between 
the conductor plate 100 and the circuit board 106 at a 
specific value, thereby stabilizing the radiating charac- 45 
teristics of the antenna 110. The long-side length of the 
conductor plate 100 is La and the short-side length 
thereof is Lb. 

[0007] The conductor plate or radiating element 
1 00 has a feeding terminal 1 02 for feeding a Radio-Fre- so 
quency (RF) electric signal to the element 100 or receiv- 
ing a RF electric signal therefrom, a grounding terminal 
103 for grounding the element 100 to the board or 
ground conductor 106, and a switching terminal 104 for 
switching the resonant frequency of the antenna 110. 55 
The radiating element 100 and the terminals 102, 103, 
and 104 are formed by a conductor plate. The terminals 
102, 103, and 104 are L-shaped and connected to a 
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short-side of the rectangular radiating element 100. The 
pitch between the terminals 102 and 103 is Lc. The 
pitch between the terminals 103 and 104 is Ld. 
[0008] The lower part of the feeding terminal 102, 
which is bent to be parallel to the circuit board 106, is 
separated from the board 106 by a rectangular hole 
106a penetrating the board 106. Therefore, the feeding 
terminal 1 02 is not electrically connected to the board 
106. The lower part of the terminal 102 is electrically 
connected to a receiver circuit 108 in a radio section 
120 of a cellular phone, as shown in Fig. 2. 
[0009] The lower part of the grounding terminal 
1 03, which is bent to be parallel to the circuit board 1 06, 
is contacted with and electrically connected to the board 
106. The lower part is fixed to the board 106 by solder- 
ing. Thus, the terminal 103 is electrically connected to 
the ground. 

[0010] The lower end of the switching terminal 104, 
which is bent to be parallel to the circuit board 106, is 
separated from the circuit board 106 by a rectangular 
hole 106b penetrating the board 106. The lower end of 
the terminal 104 is electrically connected to one termi- 
nal of a switch 105 located in the hole 106b. The other 
terminal of the switch 105 is electrically connected to 
the board 106. 

[0011] The switch 105 is controlled by a controller 
circuit 1 09 in the radio section 120 of the cellular phone, 
as shown in Fig. 2. If the switch 105 is turned off, the 
switching terminal 104 is electrically disconnected from 
the circuit board 106, in which only the grounding termi- 
nal 103 is electrically connected to the board 106. If the 
switch 105 is turned on, the switching terminal 104 is 
electrically connected to the circuit board 106, in which 
not only the grounding terminal 103 but also the switch- 
ing terminal 104 are electrically connected to the board 
106. 

[0012] When the switch 5 is in the OFF state, the 
perimeter L of the rectangular radiating element 1 00 is 
given as 

L = (2La + 2Lb), 

In this case, as shown in Fig. 3, the VSWR (Voltage 
Standing-Wave Ratio) is minimized at a frequency f1 . In 
other words, the resonant frequency of the antenna 1 1 0 
is f1. 

[0013] On the other hand, when the switch 5 is in 
the ON state, the equivalent electric length L' of the rec- 
tangular radiating element 100 is given as 

L~(2La+2Lb-Ld). 

In this case, as shown in Fig. 3, the VSWR is minimized 
at a frequency f2 higher than f1 . In other words, the res- 
onant frequency of the antenna 1 10 is switched from f1 
to f2. 

[001 4] Thus, the resonant frequency of the prior-art 
antenna 110 can be changed between f1 and f2 and 
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accordingly, the cellular phone having the antenna 110 
is capable of covering two separate frequency bands or 
a wide frequency band formed by overlapping the two 
separate frequency bands. 

[0015] Although not shown here, the Japanese 
Non-Examined Patent Publication No. 62-188504 pub- 
lished in August 1987 discloses a patch antenna com- 
prising two relatively-movable radiating elements in 
addition to a ground plate. An RF signal is fed to the 
ground plate by a coaxial feeding line. The two radiating 
elements can be overlapped and contacted with each 
other, thereby changing the total volume or dimension 
of the radiating elements. Thus, the resonant frequency 
of the prior-art patch antenna disclosed in the Japanese 
Non-Examined Patent Publication No. 62-188504 can 
be changed, thereby covering two separate frequency 
bands or a wide frequency band formed by overlapping 
the two separate frequency bands. 
[0016] Recently, there arises a problem that the 
available frequencies assigned to cellular phones tend 
to be short due to the increased traffic. To solve this 
problem, a consideration that new frequency bands are 
assigned to ceil phones in addition to the conventional 
assigned frequency bands has been made, thereby 
relaxing or decreasing the congestion. 
[0017] To cope with this consideration, the above- 
described prior-art antennas have the following prob- 
lems. 

[0018] With the prior-art antenna disclosed in the 
Japanese Non-Examined Patent Publication No. 10- 
65437, the resonant frequency is changed by connect- 
ing or disconnecting electrically the switching terminal 
104 to or from the circuit board 106. Therefore, to cope 
with a newly-assigned frequency band, another switch- 
ing terminal needs to be provided to the radiating ele- 
ment 100. However, the addition of the switching 
terminal is not always possible. 
[0019] For example, if a newly-assigned frequency 
band (e.g., 830 MHz-band or near) is located between 
the two conventionally-available frequency bands (e.g., 
820 MHz- and 880 MHz-bands) and near one of these 
two frequency bands, a newly-added switching terminal 
needs to be provided between the grounding terminal 
103 and the switching terminal 104 and at the same 
time, it needs to be located near one of the terminals 

103 and 104. However, some specific limit exists in fab- 
ricating actually the prior-art antenna 110 with the 
detachable ground terminals. As a result, the prior-art 
antenna 1 1 0 is difficult to cope with the addition of a 
newly-assigned frequency band. 

[0020] Also, in recent years, cellular phones have 
been becoming more compact and more lightweight. 
Addition of a new grounding terminal to the radiating 
element 1 00 enlarges the size of the antenna 110 and 
the cellular phone itself. Thus, it is difficult to ensure the 
distance or pitch between the newly-added grounding 
terminal and a nearer one of the grounding terminals 

104 and 105. 



[0021] Moreover, the newly-added ground terminal 
necessitates a new land for its electrical connection on 
the circuit board 106, which requires more labor. The 
formation itself of the new land is difficult, because pat- 
5 terned circuits have been closely arranged on the board 
106. 

[0022] With the prior-art patch antenna disclosed in 
the Japanese Non-Examined Patent Publication No. 62- 
188504, there is a problem that the volume of the 

10 antenna is unable to be utilize effectively because this 
antenna has two movable radiating elements. 
[0023] Accordingly, an object of the present inven- 
tion to provide an inverted-F antenna capable of coping 
with the change or addition of available frequency 

15 bands while keeping its compactness, and a radio com- 
munication system using the antenna. 
[0024] Another object of the present invention to 
provide an inverted-F antenna whose operating fre- 
quency band can be optionally switched at a narrow 

20 interval or intervals, and a radio communication system 
using the antenna. 

[0025] Still another object of the present invention 
to provide an inverted-F antenna that makes it possible 
to utilize effectively the antenna volume, and a radio 

25 communication system using the antenna. 

[0026] A further object of the present invention to 
provide an inverted-F antenna that covers separate fre- 
quency bands or a wide frequency band formed by 
overlapping separate frequency bands, and a radio 

30 communication system using the antenna. 

[0027] The above objects together with others not 
specifically mentioned will become clear to those skilled 
in the art from the following description. 
[0028] According to a first aspect of the present 

35 invention, an inverted-F antenna is provided, which is 
comprised of a radiating element for radiating or receiv- 
ing an RF signal, a ground conductor arranged to be 
opposite to the radiating element with a specific gap, a 
feeding terminal electrically connected to the radiating 

40 element, a first grounding terminal electrically con- 
nected to the radiating element, at least one impedance 
element provided in a line connecting the first grounding 
terminal to the ground conductor, and a first switch for 
selectively inserting the at least one impedance ele- 

45 ment into the line. A resonant frequency of the antenna 
is changed by operating the first switch. 
[0029] With the inverted-F antenna according to the 
first aspect of the present invention, the at least one 
impedance element is provided in the line connecting 

so the first grounding terminal to the ground conductor and 
at the same time, it is selectively inserted into the line by 
operating the first switch. Thus, the resonant frequency 
of the antenna can be changed by operating the first 
switch. 

55 [0030] On the other hand, since the resonant fre- 
quency is changed by using the at least one impedance 
element and the first switch, another grounding terminal 
for electrically connecting the radiating element to the 
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ground conductor is unnecessary in order to cope with 
the change of available frequency bands. This means 
that the change of available frequency bands can be 
realized without increasing the size of the antenna. 
[0031 ] As a result, the antenna according to the first 5 
aspect of the present invention is capable of coping with 
the change of available frequency bands while keeping 
its compactness. 

[0032] Also, the resonant frequency can be 
adjusted easily within a narrow range by adjusting the w 
impedance value of the at least one impedance ele- 
ment. Thus, the operating frequency band of the 
antenna the antenna according to the first aspect can 
be optionally switched at a narrow interval or intervals. 
[0033] Moreover, because the resonant frequency is 
is changed by operating the first switch, no additional 
radiating element is necessary. This makes it possible 
to utilize effectively the antenna volume. 
[0034] Additionally, the resonant frequency can be 
changed by using the first switch and the at least one 20 
impedance element. Therefore, the antenna according 
to the first aspect covers separate frequency bands or a 
wide frequency band formed by overlapping separate 
frequency bands. 

[0035] In a preferred embodiment of the antenna 25 
according to the first aspect, a second grounding termi- 
nal electrically connected to the radiating element is fur- 
ther provided. In this embodiment, there is an additional 
advantage that the resonant frequency of the antenna 
can be readily increased. 30 
[0036] In another preferred embodiment of the 
antenna according to the first aspect, a second ground- 
ing terminal electrically connected to the radiating ele- 
ment through a second switch is further provided. In this 
embodiment, there arises an additional advantage that 35 
the resonant frequency of the antenna can be changed 
by operating not only the first switch but also the second 
switch. 

[0037] In still another preferred embodiment of the 
antenna according to the first aspect, at least one of an 40 
inductance element and a capacitance element is pro- 
vided as the at least one impedance element. The first 
switch has a function of electrically connecting the first 
grounding terminal to the ground conductor through the 
at least one of the inductance element and the capaci- 45 
tance element and of electrically connecting the first 
grounding terminal to the ground conductor without the 
inductance element and the capacitance element. 
[0038] In a further preferred embodiment of the 
antenna according to the first aspect, the first switch is a so 
diode switch driven by a first driver circuit. In this 
embodiment, there is an additional advantage that the 
structure of the first switch is simplified. 
[0039] The second switch may be a diode switch 
driven by a second driver circuit. In this embodiment, 55 
there is an additional advantage that the structure of 
both the first and second switches are simplified. 
[0040] The radiating element may have a slit to 
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increase the length of a current path. In this case, there 
is an additional advantage that the resonant frequency 
can be lowered without enlarging the volume of the 
antenna. 

[0041 ] The radiating element may have folded parts 
for forming an additional capacitance element between 
the radiating element and the ground conductor. The 
additional capacitance element is electrically connected 
to link the radiating element with the ground conductor. 
In this case, there is an additional advantage that the 
resonant frequency can be lowered without enlarging 
the volume of the antenna. 

[0042] According to a second aspect of the present 
invention, a radio communication system is provided, 
which is comprised of the inverted-F antenna according 
to the first aspect of the present invention, a receiver cir- 
cuit for receiving a RF signal received by the antenna 
and outputting a selection signal for selecting one of 
available frequency bands, and a controller circuit for 
controlling an operation of the first switch by the selec- 
tion signal. 

[0043] With the radio communication system 
according to the second aspect of the present invention, 
the antenna according to the first aspect of the present 
invention is equipped. Therefore, there are the same 
advantages as shown in the antenna according to the 
first aspect of the present invention. 
[0044] In a preferred embodiment of the system 
according to the second aspect, the resonant frequency 
of the antenna is selected so that power consumption of 
the system is minimized in a stand-by mode. In this 
embodiment, there is an additional advantage that total 
power consumption of the system is minimized. 
[0045] In another preferred embodiment of the sys- 
tem according to the second aspect, a first driver circuit 
for driving the first switch is further provided. The first 
driver circuit supplies no driving current to the first 
switch in a stand-by mode. In this embodiment, there is 
an additional advantage that total power consumption of 
the system is minimized with a simplified configuration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0046] In order that the present invention may be 
readily carried into effect, it will now be described with 
reference to the accompanying drawings. 

Fig. 1 is a schematic perspective view showing a 
prior-art inverted-F antenna. 
Fig. 2 is a schematic, functional block diagram 
showing the configuration of the prior-art inverted-F 
antenna shown in Fig. 1. 

Fig. 3 is a graph showing the frequency depend- 
ence of the VSWR of the prior-art inverted-F 
antenna shown in Fig. 1 . 

Fig. 4 is a schematic perspective view showing the 
configuration of an inverted-F antenna according to 
a first embodiment of the present invention, which 
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is incorporated into a digital cellular phone. 
Fig. 5 is a graph showing the frequency depend- 
ence of the return loss of the inverted-F antenna 
according to the first embodiment of Fig. 4, in which 
three separate frequency bands are covered. 5 
Fig. 6 is a graph showing the frequency depend- 
ence of the return loss of the inverted-F antenna 
according to the first embodiment of Fig. 4, in which 
a wide frequency band formed by overlapping three 
separate frequency bands are covered. w 
Fig. 7 is a schematic view showing the circuit con- 
figuration of the digital cellular phone including the 
inverted-F antenna according to the first embodi- 
ment of Fig. 4. 

Fig. 8 is a graph showing the relationship between 15 
the resonant frequency and the inductance value of 
an inductor and that between the length Lc' of the 
linking plate and the inductance value in the 
inverted-F antenna according to the first embodi- 
ment of Fig. 4. 20 
Fig. 9 is a schematic, partial perspective view of the 
radiating element with the feeding terminal and the 
first and second grounding terminals of the 
inverted-F antenna according to the first embodi- 
ment of Fig. 4. 25 
Fig. 10 is a schematic, partial perspective view of 
the radiating element with the feeding terminal and 
the first and second grounding terminals of the 
inverted-F antenna according to the first embodi- 
ment of Fig. 4, in which the linking plate is provided 30 
between the feeding terminal and the first ground- 
ing terminal. 

Fig. 1 1 is a schematic perspective view showing the 
configuration of an inverted-F antenna according to 
a second embodiment of the present invention, 35 
which is incorporated into a digital cellular phone. 
Fig. 12 is a schematic perspective view showing the 
configuration of an inverted-F antenna according to 
a third embodiment of the present invention, which 
is incorporated into a digital cellular phone. 40 
Fig. 13 is a schematic perspective view showing the 
configuration of an inverted-F antenna according to 
a fourth embodiment of the present invention, 
which is incorporated into a digital cellular phone. 
Fig. 1 4 is a schematic view showing the state of the 45 
first and second switches, in which the first switch 
connects directly the first grounding terminal to the 
ground plate while the second switch disconnects 
the second grounding terminal from the ground 
plate. so 
Fig. 1 5 is a schematic view showing the state of the 
first and second switches, in which the first switch 
connects the first grounding terminal to the ground 
plate through the inductor while the second switch 
disconnects the second grounding terminal from 55 
the ground plate. 

Fig. 1 6 is a schematic view showing the state of the 
first and second switches, in which the first switch 
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connects the first grounding terminal to the ground 
plate through the inductor while the second switch 
connects the second grounding terminal to the 
ground plate. 

Fig. 17 is a schematic, partial perspective view 
showing the configuration of an inverted-F antenna 
according to a fifth embodiment of the present 
invention. 

Fig. 18 is a schematic, partial perspective view 
showing the configuration of an inverted-F antenna 
according to a sixth embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0047] Preferred embodiments of the present inven- 
tion will be described in detail below while referring to 
the drawings attached. 

FIRST EMBODIMENT 

[0048] An inverted-F antenna according to a first 
embodiment of the present invention is shown in Fig. 4, 
which is incorporated into a digital cellular phone. This 
antenna is used as a receiving antenna and therefore, 
the transmitter circuit of the phone is omitted in Fig. 4 for 
simplification of description. 

(Configuration) 

[0049] As shown in Fig. 4, the inverted-F antenna 1 
according to the first embodiment is comprised of a rec- 
tangular conductor plate 2 serving as a radiating ele- 
ment, a rectangular ground plate 3 serving as a ground 
conductor, and a dielectric spacer 14 placed between 
the radiating element 2 and the ground conductor 3. 
The conductor plate 2 is opposite to the ground plate 3 
and approximately in parallel thereto. The spacer 14 
serves to fix the distance between the plate-shaped 
radiating element 2 and the plate-shaped ground con- 
ductor 3 at a specific value, thereby stabilizing the radi- 
ating characteristics of the antenna 1. The long-side 
length of the element 2 is La and the short-side length 
thereof is Lb. 

[0050] The conductor plate or radiating element 2 
has a feeding terminal 4 for feeding a RF electric signal 
to the element 2 or receiving a RF electric signal there- 
from, and first and second grounding terminals 5 and 6 
for grounding the element 2 to the ground conductor 3. 
These terminals 4, 5, and 6 are L-shaped and con- 
nected to one of the short-sides of the rectangular ele- 
ment 2. The pitch between the feeding terminal 4 and 
the first grounding terminal 5 is Lc. The pitch between 
the first and second grounding terminals 5 and 6 is Ld. 
[0051 ] The first grounding terminal 5 is always used 
while changing the impedance value between the radi- 
ating element 2 and the ground conductor 3, i.e., chang- 
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ing the resonant frequency of the antenna 1. The 
second grounding terminal 6 is used for changing the 
resonant frequency of the antenna 1 as necessary. 
[0052] The lower end of the feeding terminal 4, 
which is bent to be parallel to the ground conductor 3, is 5 
separated from the conductor 3 by a rectangular hole 3a 
penetrating the conductor 3. Therefore, the terminal 4 is 
not electrically connected to the conductor 3. The lower 
end of the terminal 4 is electrically connected to a 
receiver circuit 12 in the radio section of the digital eel- w 
lular phone. 

[0053] The lower end of the first grounding terminal 
5, which is similarly bent to be parallel to the ground 
conductor 3, is separated from the conductor 3 by a rec- 
tangular hole 3b penetrating the conductor 3. Therefore, 15 
the terminal 5 is not electrically connected to the con- 
ductor 3 at this location. The lower end of the terminal 5 
is electrically connected to one terminal 7a of a first 
switch 7 provided outside the conductor 3 in the digital 
cellular phone. Another two terminals 7b and 7c of the 20 
first switch 7 are electrically connected to the conductor 
3. This means that the first grounding terminal 5 is elec- 
trically connected through the first switch 7 to the 
ground conductor 3. 

[0054] As seen from Fig. 4, an inductor element or 25 
coil 8 is connected to the terminal 7b while no imped- 
ance element is connected to the terminal 7c. Thus, the 
inductor 8 can be inserted into the line connecting the 
first grounding terminal 5 and the ground conductor 3 or 
disconnected from the line by operating the first switch 30 
7. 

[0055] The lower end of the second grounding ter- 
minal 6, which is similarly bent to be parallel to the 
ground conductor 3, is separated from the conductor 3 
by a rectangular hole 3c penetrating the conductor 3. 35 
Therefore, the terminal 6 also is not electrically con- 
nected to the conductor 3 at this location. The lower end 
of the terminal 6 is electrically connected to one termi- 
nal 9a of a second switch 9 provided outside the con- 
ductor 3 in the digital cellular phone. The other terminal 40 
9b of the second switch 9 is electrically connected to the 
conductor 3. This means that the second grounding ter- 
minal 6 is electrically connected through the second 
switch 9 to the ground conductor 3. 
[0056] As seen from Fig. 4, unlike the first switch 7, 45 
no impedance element is connected to the terminal 9b 
of the second switch 9. This means that the switch 9 
performs a simple ON-OFF operation and as a result, 
the second grounding terminal 6 can be selectively acti- 
vated or used as necessary by operating the second 50 
switch 9. 

[0057] The first and second switches 7 and 9 are 
driven by first and second driver circuits 1 0 and 1 1 pro- 
vided outside the conductor 3 in the digital cellular 
phone, respectively. The first and second driver circuits 55 
10 and 1 1 are controlled by a controller circuit 13 of the 
cellular phone. 

[0058] If the first switch 7 is operated to connect the 
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terminal 7a to the terminal 7b, the first grounding termi- 
nal 5 is electrically connected to the ground conductor 3 
through the inductor 8. If the first switch 7 is operated to 
connect the terminal 7a to the terminal 7c, the first 
grounding terminal 5 is electrically connected to the 
ground conductor 3 directly (i.e., without the inductor 8). 
[0059] If the second switch 9 is turned off, the sec- 
ond grounding terminal 6 is not electrically connected to 
the ground conductor 3, in which only the first grounding 
terminal 4 is used. If the second switch 9 is turned on, 
the second grounding terminal 6 is electrically con- 
nected to the conductor 3, in which not only the first 
grounding terminal 5 but also the second grounding ter- 
minal 6 are used. 

[0060] The conductor plate or radiating element 2 is 
typically formed by a rectangular metal plate. However, 
any other conductive material may be used for forming 
the element 2. The three terminals 4, 5, and 6 may be 
simply formed by bending three protrusions of a rectan- 
gular metal plate for the element 2. The ground plate or 
ground conductor 3 is formed by a rectangular metal 
plate or a conductor layer (e.g., a copper foil) of a 
printed circuit board. 

[0061] In the first embodiment, the radiating ele- 
ment 2 is formed by a rectangular metal plate, the termi- 
nals 4, 5, and 6 are formed by bending three protrusions 
of the rectangular metal plate for the element 2. The 
ground conductor 3 is formed by a rectangular metal 
plate. The ground conductor 3 is supported by a printed 
circuit board (not shown) on which the first and second 
switches 7 and 9, the inductor 8, the first and second 
driver circuits 1 0 and 1 1 , the receiver circuit 1 2, and the 
control circuit 13 are formed. 

[0062] The receiver circuit 1 2 reproduces the trans- 
mitted information or message from a communicating, 
distant cellular phone. The circuit 12 has a popular con- 
figuration including a RF amplifier, frequency convert- 
ers, a demodulator, and so on. 

(Operation) 

[0063] Next, the operation of the cellular phone 
shown in Fig. 4 is explained below with reference to 
Figs. 5, 6, 14, 15, and 16. 

[0064] When the RF signal S R detected by the 
inverted-F antenna 1 is within a middle frequency band 
A2 as shown in Fig. 5, the receiver circuit 12 sends a 
channel signal S c corresponding to the band A2 to the 
controller circuit 13. Then, in response to the channel 
signal S c , the controller circuit 1 3 sends a first switching 
signal S S1 (e.g., a high-level signal) to the first driver cir- 
cuit 10 and at the same time, the controller circuit 13 
sends a second switching signal S S 2 (e g-, a low-level 
signal) to the second driver circuit 1 1 . 
[0065] In response to the first switching signal S S1 , 
the first driver circuit 10 sends a first driving signal S D1 
to the first switch 7, thereby connecting the terminal 7a 
to the terminal 7c. Thus, the first grounding terminal 5 is 
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electrically connected to the ground conductor 3 directly 
(i.e., without the inductor 8). Similarly, in response to the 
second switching signal Ss 2 , the second driver circuit 
1 1 sends a second driving signal to the second 
switch 9, thereby disconnecting the terminal 9a from the 5 
terminal 9b. Thus, the second grounding terminal 6 is 
not electrically connected to the ground conductor 3. 
[0066] The state of the first and second switches 7 
and 9 at this stage is shown in Fig. 14. 
[0067] Accordingly, when the RF signal S R is within 10 
the frequency band A2, the inverted-F antenna 1 has 
the feeding terminal 4 and the first grounding terminal 5 
without the inductor 8, which is a very popular configu- 
ration. After the first and second switches 7 and 9 are 
driven to have the state shown in Fig. 14, the antenna 1 15 
receives the RF signal S R in the band A2 and the 
receiver circuit 12 performs its predetermined demodu- 
lation operation for the signal S R thus received. 
[0068] Next, when the RF signal S R detected by the 
inverted-F antenna 1 is within a lower frequency band 20 
A1 than the band A2, the receiver circuit 12 sends a 
channel signal S c corresponding to the band A1 to the 
controller circuit 13. Then, in response to the channel 
signal S c , the controller circuit 1 3 sends a first switching 
signal S S1 (e.g., a low-level signal) to the first driver cir- 25 
cuit 10 and at the same time, the controller circuit 13 
sends a second switching signal S S2 (e.g., a low-level 
signal) to the second driver circuit 11. 
[0069] The first switching signal S S1 for the band A1 
has an opposite level to that for the band A2. The sec- 30 
ond switching signal S S1 for the band A1 has the same 
level as that for the band A2. 

[0070] In response to the first switching signal S S1 , 
the first driver circuit 10 sends a first driving signal S D1 
to the first switch 7, thereby connecting the terminal 7a 35 
to the terminal 7b instead of the terminal 7c. Thus, the 
first grounding terminal 5 is electrically connected to the 
ground conductor 3 through the inductor 8. Similarly, in 
response to the second switching signal S S2 , the sec- 
ond driver circuit 1 1 sends a second driving signal S D2 40 
to the second switch 9, thereby disconnecting the termi- 
nal 9a from the terminal 9b. Thus, the second grounding 
terminal 6 is not electrically connected to the ground 
conductor 3. 

[0071] The state of the first and second switches 7 45 
and 9 at this stage is shown in Fig. 1 5. 
[0072] As explained above, when the RF signal S R 
is within the lower frequency band A1 , the inverted-F 
antenna 1 has the feeding terminal 4 and the first 
grounding terminal 5 with the inductor 8. After the first so 
and second switches 7 and 9 are driven to have the 
state shown in Fig. 15, the antenna 1 receives the RF 
signal S R in the band A1 and the receiver circuit 12 per- 
forms its predetermined demodulation operation for the 
signal S R thus received. 55 
[0073] As seen from the above, when the RF signal 
S R is within the lower frequency band A1 , the inductor 8 
is inserted into the line connecting the first grounding 
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terminal 5 and the ground conductor 3. The inserted 
inductor 8 has a function of lowering the resonant fre- 
quency of the antenna 1 . As a result, the antenna 1 is 
capable of receiving the signal S R within the band A1 
lower than the band A2. 

[0074] Fig. 8 shows the relationship between the 
resonant frequency of the antenna 1 and the inductance 
value of the inductor 8. It is seen from Fig. 8 that the res- 
onant frequency lowers gradually as the inductance 
value increases. 

[0075] On the other hand, as the inductance value 
of the inductor 8 increases, the input impedance of the 
antenna 1 changes. Therefore, there may arise a disad- 
vantage that the input impedance has a value greater 
than a desired value of the characteristic impedance 
(e.g., 50 n), in other words, the impedance matching 
between the antenna 1 and the receiver circuit 12 is 
failed. This disadvantage can be canceled in the follow- 
ing way. 

[0076] As known well, as shown in Fig. 9, the input 
impedance of the inverted-F antenna 1 can be varied by 
changing the pitch Lc between the feeding terminal 4 
and the first grounding terminal 5. Also, as shown in Fig. 
1 0, if a rectangular, conductive linking plate 1 6 is formed 
or added to link the adjoining terminals 4 and 5 together 
and to contact with the radiating element 2, the input 
impedance of the antenna 1 can be varied by changing 
the length Lc 1 of the linking plate 16. Therefore, even if 
the input impedance value of the antenna 1 becomes 
unequal to the characteristic impedance value due to 
the increase of the inductance value, the impedance 
matching between the antenna 1 and the receiver circuit 
1 2 can be restored by changing suitably the length Lc' of 
the linking plate 16. 

[0077] It is needless to say that the inductor 8 may 
be replaced with a capacitor. In this case, the resonant 
frequency of the antenna 1 rises with the increasing the 
capacitance value, which is opposite to the case of the 
inductor 8. 

[0078] Moreover, when the RF signal S R detected 
by the inverted-F antenna 1 is within a frequency band 
A3 higher than the band A2, the receiver circuit 12 
sends a channel signal S c corresponding to the band 
A3 to the controller circuit 1 3. Then, in response to the 
channel signal S c , the controller circuit 13 sends a first 
switching signal S S1 (e.g., a low-level signal) to the first 
driver circuit 10 and at the same time, the controller cir- 
cuit 13 sends a second switching signal S S2 (e.g., a 
high-level signal) to the second driver circuit 1 1 . 
[0079] The first switching signal S S1 for the band A3 
has the same level as that for the band A1 . The second 
switching signal S S2 for the band A3 has an opposite 
level to that for the band A1 . 

[0080] In response to the first switching signal S S1 , 
the first driver circuit 10 sends a first driving signal S D i 
to the first switch 7, thereby connecting the terminal 7a 
to the terminal 7b. Thus, the first grounding terminal 5 is 
electrically connected to the ground conductor 3 
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through the inductor 8. Similarly, in response to the sec- 
ond switching signal S S2 , the second driver circuit 1 1 
sends a second driving signal S D2 to the second switch 
9, thereby connecting the terminal 9a to the terminal 9b. 
Thus, the second grounding terminal 6 is electrically 
connected to the ground conductor 3 (i.e., the terminal 
6 is activated). 

[0081] The state of the first and second switches 7 
and 9 at this stage is shown in Fig. 16. 
[0082] As explained above, when the RF signal S R 
is within the higher frequency band A3, the inverted-F 
antenna 1 has the feeding terminal 4, the first grounding 
terminal 5 with the inductor 8, and the second ground- 
ing terminal 6. After the first and second switches 7 and 
9 are driven to have the state shown in Fig. 16, the 
antenna 1 receives the RF signal S R in the band A3 and 
the receiver circuit 12 performs its predetermined 
demodulation operation for the signal S R thus received. 
[0083] Thus, when the RF signal S R is within the 
higher frequency band A3, both the first and second 
grounding terminals 5 and 6 are used, which is equiva- 
lent to the fact that the width of the first grounding termi- 
nal 5 is enlarged. It is known that the resonant 
frequency of the antenna 1 rises with the increasing 
width of the first grounding terminal 5. As a result, the 
antenna 1 operates to receive the signal S R in the 
higher frequency band A3 than the band A2. 
[0084] Fig. 5 shows the frequency dependence of 
the return loss of the antenna 1 from the feeding termi- 
nal 4. As seen from Fig. 5, the inverted-F antenna 1 is 
capable of receiving the RF signal S R in any one of the 
three frequency bands A1 , A2, and A3, in other words, 
the antenna 1 covers the three separate frequency 
bands A1, A2, and A3. 

[0085] If the three frequency bands A1 , A2, and A3 
are adjusted to overlap with one another, the antenna 1 
covers a single wide frequency band A4 wider than any 
of the bands A1 , A2, and A3, as shown in Fig. 6. 
[0086] With the inverted-F antenna 1 according to 
the first embodiment of the present invention, the induc- 
tor 8 is provided in the line connecting the first ground- 
ing terminal 5 to the ground conductor 3 and at the 
same time, it is selectively inserted into the line by oper- 
ating the first switch 7. The second grounding conductor 
6 is electrically connected to the ground conductor 3 
through the second switch 9. Thus, the resonant fre- 
quency of the antenna 1 can be changed by operating 
at least one of the first and second switches 7 and 9. 
[0087] On the other hand, since the resonant fre- 
quency of the antenna 1 is changed by using the induc- 
tor 8 and the first and second switches 7 and 9, another 
grounding terminal for electrically connecting the radiat- 
ing element 2 to the ground conductor 3 is unnecessary 
in order to cope with the change or addition of available 
frequency bands. This means that the change or addi- 
tion of available frequency bands can be realized with- 
out increasing the size of the antenna 1 . 
[0088] As a result, the antenna 1 according to the 
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first embodiment is capable of coping with the change 
or addition of available frequency bands while keeping 
its compactness. 

[0089] Also, the resonant frequency can be 
5 adjusted easily within a narrow range by adjusting the 
inductance value of the inductor 8. Thus, the operating 
frequency band of the antenna the antenna 1 can be 
optionally switched at a narrow interval or intervals. 
[0090] Moreover, because the resonant frequency 
w is changed by operating at least one of the first and sec- 
ond switches 7 and 9, no additional radiating element is 
necessary. This makes it possible to utilize effectively 
the antenna volume. 

[0091] Additionally, the resonant frequency can be 
15 changed by using at least one of the first and second 
switches 7 and 9 and the inductor. Therefore, the 
antenna 1 covers separate frequency bands or a wide 
frequency band formed by overlapping separate fre- 
quency bands. 

20 

(Adjustment Method) 

[0092] The dimension of the antenna 1 may be 
adjusted in the following way. 
25 [0093] First, the perimeter L of the radiating ele- 
ment 2 is determined so as to satisfy the following equa- 
tion 

L=(2La+2Lb)~^ 

30 

where X is the free-space propagation wavelength of the 
RF signal S R in the middle frequency band A2. 
[0094] Second, to adjust the resonant frequency of 
the antenna 1 to meet the lower frequency band A1 , the 

35 necessary increment or decrement of the inductance 
value of the inductor 8 for realizing the required reso- 
nant frequency for the band A1 is read out from the 
graph in Fig. 8. The inductance value of the inductor 8 is 
determined to equal the necessary inductance change 

40 thus read out. 

[0095] Finally, to adjust the resonant frequency of 
the antenna 1 to meet the higher frequency band A3, 
the pitch Ld between the first and second grounding ter- 
minals 5 and 6 is suitably adjusted to realize the 

45 required resonant frequency for the band A3 by any 
known way. 

(Detailed Configuration) 

so [0096] Fig. 7 shows the circuit configuration of the 
digital cellular phone including the inverted-F antenna 1 
according to the first embodiment of Fig. 4. 
[0097] As seen from Fig. 7, diodes D1 and D2 are 
respectively used as the first and second switches 7 and 

55 9, and a coil L1 is used as the inductor 8. Coupling 
capacitors C1 and C2 are connected in series to the 
diodes D1 and D2, respectively. To minimize the effect 
of the inserted capacitors C1 and C2, the capacitance 
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values of the capacitors C1 and C2 are so determined 
that their impedance values in the frequency bands A1 , 
A2, and A3 (or in the frequency band A4) are sufficiently 
low. 

[0098] The first grounding terminal 5 is electrically 5 
connected to the ground plate 3 through the combina- 
tion of the serially-connected capacitor C1 and the 
diode D1 or through the coil LI. The second grounding 
terminal 6 is electrically connected to the ground plate 3 
through the combination of the serially-connected w 
capacitor C2 and the diode D2. 
[0099] The first driver circuit 1 0 has a first switching 
circuit 20, and a resistor R1 and a choke coil L2 serially- 
connected to each other. The first switching circuit 20 is 
electrically connected to the first switch 7 at the connec- 15 
tion point between the diode D1 and the capacitor C1 
through the resistor R1 and the choke coil L2. 
[0100] The first switching circuit 20 comprises a 
pnp-type bipolar transistor Q1 , an npn-type bipolar tran- 
sistor Q2, and resistors, R3, R4, R5, and R6. The emit- 20 
ter of the transistor Q1 is connected to a power supply 
(not shown) and applied with a supply voltage V cc . The 
collector of the transistor Q1 is connected to the first 
switch 7 through the resistor R1 and the choke coil L2. 
The resistor R3 is connected to link the emitter and the 25 
base of the transistor Q1 . The resistor R4 is connected 
to link the base of the transistor Q1 to the collector of the 
transistor Q2. The resistor R5 is connected to link the 
emitter and the base of the transistor Q2. The resistor 
R6 is connected to link the base of the transistor Q2 and 30 
an input terminal 20a of the first switching circuit 20. The 
emitter of the transistor Q2 is connected to the ground. 
[0101] Similarly, the second driver circuit 11 has a 
second switching circuit 21 , and a resistor R2 and a 
choke coil L3 serially-connected to each other. The sec- 35 
ond switching circuit 21 is electrically connected to the 
second switch 9 at the connection point between the 
diode D2 and the capacitor C2 through the resistor R2 
and the choke coil L3. 

[0102] The second switching circuit 21 comprises a 40 
pnp-type bipolar transistor Q3, an npn-type bipolar tran- 
sistor Q4, and resistors, R7, R8, R9, and R10. The emit- 
ter of the transistor Q3 is connected to the power supply 
and applied with the supply voltage V cc . The collector 
of the transistor Q2 is connected to the second switch 9 45 
through the resistor R2 and the choke coil L3. The resis- 
tor R7 is connected to link the emitter and the base of 
the transistor Q3. The resistor R8 is connected to link 
the base of the transistor Q3 to the collector of the tran- 
sistor Q4. The resistor R9 is connected to link the emit- so 
ter and the base of the transistor Q4. The resistor R10 
is connected to link the base of the transistor Q4 and an 
input terminal 21a of the second switching circuit 21. 
The emitter of the transistor Q4 is connected to the 
ground. 55 
[01 03] To minimize the effect of the first and second 
driver circuits 11 and 12 to the antenna performance, 
the inductance values of the choke coils L2 and L3 are 
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so determined that their impedance values in the fre- 
quency bands A1 , A2, and A3 (or in the frequency band 
A4) are sufficiently high. 

[0104] Next, the operation of the first and second 
driver circuits 11 and 12 and the first and second 
switches 7 and 9 in Fig. 7 is explained below. 
[0105] When the middle frequency band A2 is 
selected, the first switching signal S S i outputted from 
controller circuit 13 is of the high-level and the second 
switching signals S S 2 outputted from controller circuit 1 3 
is of the low-level. Then, in the first switching circuit 20, 
since the first switching signal S S1 13 is of the high- 
level, the transistors Q2 and Q1 are turned on, thereby 
producing an output current of the first switching circuit 
20. The output current thus produced flows through the 
diode D1 , turning the diode D1 on. At this time, since 
the impedance of the capacitor C1 is set to be suffi- 
ciently low in the required frequency band or bands, the 
first grounding terminal 5 is directly connected to the 
ground plate 3 with respect to the RF signal S R . The first 
grounding terminal 5 is not connected to the ground 
plate 3 through the coil or inductor L1, because the coil 
L1 has an impedance sufficiently higher than that of the 
capacitor C1 in the required frequency band or bands. 
[0106] In the second switching circuit 20, since the 
second switching signals S S2 is of the low-level, the 
transistors Q4 and Q3 are remained off, i.e., the second 
switching circuit 20 outputs no output current. Thus, the 
diode D2 exhibits a high impedance, which means that 
the second switch 9 is turned off. As a result, the second 
grounding terminal 6 is disconnected from the ground 
plate 3 with respect to the RF signal S R . 
[0107] Accordingly, when the middle frequency 
band A2 is selected, only the first grounding terminal 5 
is activated or used without using the coil L1 as the 
inductor 8. Because the impedance values of the choke 
coils L2 and L3 are set sufficiently high in the frequency 
bands A1 , A2, and A3 (or in the frequency band A4), the 
effect of the first and second driver circuits 1 1 and 12 to 
the antenna performance can be ignored. 
[0108] When the lower frequency band A1 is 
selected, both the first and second switching signals 
S S1 and S S2 are of the low-level. In the first switching 
circuit 20, the transistors Q2 and Q1 are turned off and 
no output current is outputted. Thus, the diode D1 is 
turned off, connecting the first grounding terminal 5 to 
the ground plate 3 through the coil L1 with respect to the 
RF signal S R . 

[0109] The second switching circuit 21 outputs no 
output current and the diode D2 exhibits a high imped- 
ance, i.e., the second switch 9 is off. As a result, the 
second grounding terminal 6 is disconnected from the 
ground plate 3 with respect to the RF signal S R . 
[01 1 0] Accordingly, when the lower frequency band 
A2 is selected, only the first grounding terminal 5 is acti- 
vated or used while using the coil L1 as the inductor 8, 
thereby lowering the resonant frequency of the antenna 
1 with respect to that in the middle frequency band A1 . 
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[0111] When the higher frequency band A3 is 
selected, the first switching signal S S1 is of the low-level. 
The first switching circuit 20 outputs no output current 
and the diode D1 is turned off, connecting the first 
grounding terminal 5 to the ground plate 3 through the 5 
coil L1 with respect to the RF signal S R . 
[01 12] In the second switching circuit 21 , since the 
second switching signals S S 2 is of the high-level, the 
transistors Q4 and Q3 are turned on, thereby producing 
an output current of the second switching circuit 21 . The 10 
output current thus produced flows through the diode 
D2, turning the diode D2 on. At this time, since the 
impedance of the capacitor C2 is set to be sufficiently 
low in the required frequency band A3, the second 
grounding terminal 6 is connected to the ground plate 3 15 
with respect to the RF signal S R . 
[0113] Accordingly, when the higher frequency 
band A3 is selected, both the first and second ground- 
ing terminals 5 and 6 are activated while using the coil 
L1 as the inductor 8. The addition of the second ground 20 
terminal 6 corresponds or equivalent to the widening of 
the first grounding terminal 5 and therefore, the reso- 
nant frequency of the antenna 1 in the band A3 
becomes higher than that in the middle frequency band 
A1. 25 
[01 14] As known well, the diodes D1 and D2 have a 
characteristic that the on-impedance becomes lower as 
the current flowing through the diodes D1 and D2 
increases. Therefore, the resistance values of the resis- 
tors R1 and R2 are determined so that the on-imped- 30 
ance values of the diodes D1 and D2 are equal to 
desired values. 

[01 1 5] The capacitance values of the capacitors C 1 
and C2 and the inductance values of the choke coils L2 
and L3 are suitably determined according to the ope rat- 35 
ing frequency band or bands (e.g., A1 , A2, and A3, or 
A4). For example, if the operating frequency band is 
approximately 800 MHz, it is preferred that the capaci- 
tance values of the capacitors C1 and C2 are approxi- 
mately 100 pF and the inductance values of the choke 40 
coils L2 and L3 are approximately 100 nH. 
[0116] In the circuit configuration shown in Fig. 7, 
the first and second driver circuits 10 and 1 1 are neces- 
sary, because the diodes D1 and D2 are used as the 
first and second switches 7 and 9. However, the first and 45 
second driver circuits 10 and 1 1 may be canceled if the 
first and second switches 7 and 9 are formed by ele- 
ments or devices capable of direct control by the con- 
troller circuit 1 3, such as GaAs (Gallium Arsenide) FETs 
(Field-Effect Transistors) or a GaAs switching IC (Inte- so 
grated Circuit). 

[0117] In cellular phone having the antenna 1 
according to the first embodiment of Fig. 4, it is pre- 
ferred that the lower frequency band A1 is designed to 
be selected in the stand-by mode. This is due to the fol- 55 
lowing reason. 

[0118] in the lower frequency band A1, as 
explained above, both the first and second switching cir- 



070 A1 




cuits 20 and 21 are turned off. Therefore, no driving cur- 
rent flows through the first and second driver circuits 1 0 
and 1 1 in the stand-by mode. This means that there is 
an advantage that power consumption of the system is 
minimized. 

SECOND EMBODIMENT 

[0119] Fig. 11 shows an inverted-F antenna 1A 
according to a second embodiment of the present 
invention. This antenna 1 A is incorporated into a digital 
cellular phone having the same configuration as that 
explained in the first embodiment of Fig. 4. Therefore, 
the explanation about the first and second switches 7 
and 9, the first and second driver circuits 1 0 and 1 1 , the 
receiver circuit 12, and the controller circuit 13 are omit- 
ted here for simplification of description by attaching the 
same reference symbols as those in Fig. 4. 
[0120] As described above, the inverted-F antenna 
1 according to the first embodiment is formed by metal 
plates. Unlike this, the inverted-F antenna 1A according 
to the second embodiment is formed by using printed 
wiring boards. 

[0121] Specifically, a printed wiring board, i.e., a 
copper-clad laminate comprises a rectangular base 
material 14A and two rectangular copper foils or layers 
formed on the two surfaces of the material 14A. The 
base material 14A is made of a dielectric such as Teflon 
or glass-epoxy and has a relative dielectric constant of 
e r The upper copper layer of the laminate is patterned 
by etching to thereby form a rectangular radiating ele- 
ment 2A having a length of La1 and a width of Lb1 . The 
lower copper layer of the laminate is suitably patterned 
by etching as necessary. 

[0122] A rectangular ground conductor 3A and 
three island conductors 3Ad, 3Ae, and 3Af are formed 
by patterning an upper copper layer of another printed 
wiring board for forming the circuitry of the cellular 
phone. A dielectric base material of this printed wiring 
board is not shown in Fig. 1 1 for simplification. The 
upper copper layer has three rectangular penetrating 
holes 3Aa, 3Ab, and 3Ac for separating respectively the 
island conductors 3Ad, 3Ae, and 3Af from the ground 
conductor 3A. 

[0123] The base material 14A has three plated 
through holes located at one of the short-sides of the 
base material 14A. The plated through holes are con- 
tacted with and electrically connected to the radiating 
element 2A. The plated through holes are further con- 
tacted with and electrically connected to the island con- 
ductors 3Ad, 3Ae, and 3Af, respectively, thereby 
forming a feeding terminal 4A, a first grounding terminal 
5A, and a second grounding terminal 6A, respectively. 
The island conductors 3Ad, 3Ae, and 3Af are exposed 
from the base material 14A. The pitch of the feeding ter- 
minal 4A and the first grounding terminal 5A is Lc1 . The 
pitch of the first and second grounding terminals 5A and 
6A is Ld1. 
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[0124] The island conductor 3Ad (i.e., the feeding 
terminal 5A) is electrically connected to the receiver cir- 
cuit 12. The island conductor 3Ae (i.e., the first ground- 
ing terminal 5A) is electrically connected to the ground 
conductor 3A through the first switch 7. The island con- 5 
ductor 3Af (i.e., the second grounding terminal 6A) is 
electrically connected to the ground conductor 3A 
through the second switch 9. 

[01 25] With the inverted-F antenna 1 A according to 
the second embodiment of Fig. 1 1 , the dielectric base 10 
material 14A is located between the radiating element 
2A and the ground conductor 3A. Therefore, in addition 
to the same advantages as those in the first embodi- 
ment of Fig. 4, there is an additional advantage that the 
size or dimension of the radiating element 2A can be 15 
reduced according to the relative dielectric constant e r 
of the base material 14A compared with the case where 
the dielectric base material 14A is not used. Moreover, 
there is another additional advantage that the radiation 
characteristics of the antenna 1 A can be stabilized with- 20 
out using the spacer 14. 

[01 26] When the first grounding terminal 5A is elec- 
trically connected to the ground conductor 3A while the 
second grounding terminal 5A is electrically discon- 
nected from the ground conductor 3A, the resonant fre- 25 
quency f y of the antenna 1A is given by the following 
equation. 

L y = (2Ul+2Lb1)~^JT r 30 
M2La1 + 2U>1)~(^) JT r 
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at intervals in parallel to the short sides of the element 
2B. Due to the slits 2Ba, the current path length is 
increased without increasing the length of the element 
2B, thereby lowering the resonant frequency of the 
antenna 1 B without increasing the size of the antenna 
1B. In other words, the size of not only the element 2B 
but also the antenna 1 B itself can be decreased while 
keeping the resonant frequency unchanged. 

FOURTH EMBODIMENT 

[0130] Fig. 13 shows an inverted-F antenna 1C 
according to a fourth embodiment of the present inven- 
tion, which is incorporated into a digital cellular phone 
having the same configuration as that explained in the 
first embodiment of Fig. 4. 

[0131] The antenna 1C has the same configuration 
as that of the antenna 1 according to the first embodi- 
ment of Fig. 4 except that an opposite short-side of a 
rectangular plate-shaped radiating element 2C to the 
terminals 4, 5, and 6 has folded parts 2Ca and 2Cb and 
that a dielectric spacer 1 5 is provided between the part 
2Cb and the ground conductor 3. The part 2Ca is per- 
pendicular to the remaining flat part of the element 2C. 
The part 2Cb is parallel to the remaining flat part of the 
element 2C. The parts 2Ca and 2Cb are formed by 
bending the end of the element 2C. 
[01 32] The part 2Cb and the conductor 3 constitute 
a capacitor electrically linking the radiating element 2C 
with the ground conductor 3. Due to the capacitor thus 
inserted, there is an additional advantage that the reso- 
nant frequency of the antenna 1C is lowered without 
increasing the size of the antenna 1 C. 



where Ly is the perimeter of the radiating element 2A 35 
and c is the velocity of light. 

[01 27] Thus, the size of the radiating element 2A is 
reduced to 
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of that of the case where the dielectric base material 45 
14A is not used. 

THIRD EMBODIMENT 

[0128] Fig. 12 shows an inverted-F antenna 1B 50 
according to a third embodiment of the present inven- 
tion, which is incorporated into a digital cellular phone 
having the same configuration as that explained in the 
first embodiment of Fig. 4. 

[01 29] The antenna 1 B has the same configuration 55 
as that of the antenna 1 according to the first embodi- 
ment of Fig. 4 except that a rectangular plate-shaped 
radiating element 2B has three linear slits 2Ba arranged 



FIFTH EMBODIMENT 

[0133] Fig. 17 shows an inverted-F antenna 1D 
according to a fifth embodiment of the present inven- 
tion, which is incorporated into a digital cellular phone 
having the same configuration as that explained in the 
first embodiment of Fig. 4. 

[0134] The antenna 1D, which is a variation of the 
antenna 1 according to the first embodiment of Fig. 4, 
has the same configuration as that of the antenna 1 
except that the second switch 9 is canceled. Therefore, 
the second grounding terminal 6 is always inactive, i.e., 
the terminal 6 is always disconnected electrically from 
the ground conductor 3. 

[0135] The antenna 1D is capable of operation in 
two separate frequency bands or a wide frequency 
band formed by overlapping these two bands. This 
antenna 1D can be changed to be operable in three 
separate frequencies by simply adding the second 
switch 9 without changing the structure of the radiating 
element 2, the ground conductor 3, and the three termi- 
nals 4, 5, and 6. 

[01 36] It is needless to say that the second ground- 
ing terminal 6 may be contacted with the ground con- 
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ductor 3 by canceling the penetrating hole 3c, and that 
the second grounding terminal 6 itself may be canceled. 

SIXTH EMBODIMENT 

5 

[0137] Fig. 18 shows an inverted-F antenna 1E 
according to a sixth embodiment of the present inven- 
tion, which is incorporated into a digital cellular phone 
having the same configuration as that explained in the 
first embodiment of Fig. 4. 10 
[0138] The antenna 1E, which is another variation 
of the antenna 1 according to the first embodiment of 
Fig. 4, has the same configuration as that of the 
antenna 1 except that a first switch 7A connected elec- 
trically to the first grounding terminal 5 is a three-way 15 
switch. The first grounding terminal 5 is electrically con- 
nected to a terminal 7Aa of the first switch 7A. A termi- 
nal 7Ab of the switch 7A is electrically connected to the 
ground conductor 3 through a capacitor 30. A terminal 
7Ac of the switch 7A is electrically connected to the 20 
ground conductor 3 through the inductor 8. A terminal 
7Ad of the switch 7A is electrically connected directly to 
the ground conductor 3. 

[0139] Therefore, the first grounding terminal 5 is 
selectively connected to the ground conductor 3 in three 25 
ways. Thus, the antenna 1D is capable of operation in 
four separate frequency bands or a wide frequency 
band formed by overlapping these four bands. 
[0140] If the first ground terminal 5 is electrically 
connected to the ground conductor 3 through the 30 
capacitor 30, the resonant frequency of the antenna 1 E 
is lowered. Therefore, there is an additional advantage 
that the resonant frequency of the antenna 1 E can be 
raised or lowered by operating the first switch alone. 
[01 41 ] In the above-described first to sixth embodi- 35 
ments, two grounding terminals are provided. However, 
three or more grounding terminals may be provided with 
or without corresponding switches. Also, to increase the 
number of the operable frequencies of the antenna, any 
n-way switch may be used for each of the grounding ter- 40 
minals, where n is a natural number greater than two. 
[0142] Although the feeding terminal and the first 
and second grounding terminals are electrically con- 
nected to one of the short-sides of the radiating element 
in the first to sixth embodiments, each of these termi- 45 
nals may be connected to the radiating element at its 
inner point. 

[0143] The lower parts of the feeding terminal and 
the first and second grounding terminals are bent 
toward the opposite side to the radiating element in the so 
first to sixth embodiments, they may be bent toward the 
same side as the radiating element. 
[0144] While the preferred forms of the present 
invention have been described, it is to be understood 
that modifications will be apparent to those skilled in the 55 
art without departing from the spirit of the invention. The 
scope of the invention, therefore, is to be determined 
solely by the following claims. 
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Claims 

1 . An inverted-F antenna comprising: 

a radiating element for radiating or receiving an 
RF signal; 

a ground conductor arranged to be opposite to 
said radiating element with a specific gap; 
a feeding terminal electrically connected to 
said radiating element; 

a first grounding terminal electrically connected 

to said radiating element; 

at least one impedance element provided in a 

line connecting said first grounding terminal to 

said ground conductor; and 

a first switch for selectively inserting said at 

least one impedance element into said line; 

wherein a resonant frequency of said antenna 

is changed by operating said first switch. 

2. The antenna as claimed in claim 1 , further compris- 
ing a second grounding terminal electrically con- 
nected to said radiating element. 

3. The antenna as claimed in claim 1 , further compris- 
ing a second grounding terminal electrically con- 
nected to said radiating element through a second 
switch. 

4. The antenna as claimed in any of claims 1 to 3, 
wherein at least one of an inductance element and 
a capacitance element is provided as said at least 

* one impedance element; 

and wherein said first switch has a function of 
electrically connecting said first grounding ter- 
minal to said ground conductor through said at 
least one of said inductance element and said 
capacitance element and of electrically con- 
necting said first grounding terminal to said 
ground conductor without said inductance ele- 
ment and said capacitance element. 

5. The antenna as claimed in any of claims 1 to 4, 
wherein said first switch is a diode switch driven by 
a first driver circuit. 

6. The antenna as claimed in claim 3 or 4, wherein 
said first switch is a diode switch driven by a first 
driver circuit and said second switch is a diode 
switch driven by a second driver circuit. 

7. The antenna as claimed in any of claims 1 to 6, 
wherein said radiating element has a slit to increase 
the length of a current path. 

8. The antenna as claimed in any of claims 1 to 7, 
wherein said radiating element has folded parts for 



12 




EP 0 993 070 A1 



forming an additional capacitance element between 
said radiating element and said ground conductor; 

said additional capacitance element being 
electrically connected to link said radiating ele- 5 
ment with said ground conductor. 

9. A radio communication system comprising; 

(a) an inverted-F antenna including; w 

a radiating element for radiating or receiv- 
ing an RF signal; 

a ground conductor arranged to be oppo- 
site to said radiating element with a spe- is 
cific gap; 

a feeding terminal electrically connected to 
said radiating element; 
a first grounding terminal electrically con- 
nected to said radiating element; 20 
at least one impedance element provided 
in a line connecting said first grounding ter- 
minal to said ground conductor; 
a first switch for selectively inserting said at 
least one impedance element into said 25 
line; 

a resonant frequency of said antenna 
being changed by operating said first 
switch; 

30 

(b) a receiver circuit for receiving said RF signal 
received by said antenna and for outputting a 
selection signal for selecting one of available 
frequency bands; and 

(c) a controller circuit for controlling an opera- 35 
tion of said first switch by said selection signal. 

10. The system as claimed in claim 9, wherein said res- 
onant frequency of said antenna is selected so that 
power consumption of said system is minimized in 40 
a stand-by mode. 

11. The antenna as claimed in claim 9 or 10, further 
comprising a first driver circuit for driving said first 
switch; 45 

said first driver circuit supplying no driving cur- 
rent to said first switch in a stand-by mode. 

50 
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